Abstract-Biological systems, including agriculture and allied sectors are very complex and nonlinear in nature. The pace of current climate change, which is unique about it, makes the biological system more and more complicated and unpredictable. The novelty or ambiguity that the variable environment presents, demands for the development of self-adaptive intelligent systems in agriculture and allied sectors. Agriculture is emerging as knowledge-based enterprise that demands efficient needbased information retrieval systems and smart actions. Intelligence is that resource that guides actions and provide options under variable, uncertain and unseen conditions. The objective of the current paper is to analyze the attributes that are considered to be characteristics of intelligence having wide potential for the development of intelligent system and technologies for agricultural applications. The intelligent techniques like forecasting, database management, knowledge discovery, deception, simulation, contingency planning etc. revolutionize the whole agricultural sector opening new and competent options and dimensions. Sustainable agricultural development demands multidisciplinary holistic approach and intelligence should be the guiding principle that demands study of human cognitive psychology.
I. INTRODUCTION
Intelligence is the least understood concept till date. Based on our current understanding, intelligence may be defined as the analyzing power of an entity based on the given set of information under the given situation. It is the ability of an entity or a system to learn from a given set of conditions, store the knowledge in a well defined hierarchical manner and apply that knowledge in situation-specific manner in a very logical way. In general an intelligent system can learn, store the learned information and use it in varying situation [1] . Learning is the ability to get knowledge from experience or when being taught. Also, learning change approach of doing certain things, gradually and finally made the entity to behave in a smart way. Information is the basic means or tool to learn or to teach a system or an entity. The acquired information associated with certain subject or object is knowledge. And the process of extracting information relevant to a given context from a pile of raw data is knowledge discovery. Thus, the ability of a system to discover knowledge from available data and use it for some future unseen and new situations is under the domain of intelligence [2] and its application is emerging in every sphere of science and technology. Currently lot of functional or practical significance and emphasis is being given to intelligence because of the ability of an intelligent system to deal with complex or adverse or variable situations.
Agriculture depends on the decision making, with right decision at right time. Even a marginal difference may yield big gain or losses over time. Change is inevitable process in nature and the change brought by nature is always been a gradual and slow process giving ample time and space for each entity to adapt and change themselves as per the external change. But the unprecedented pace of current climate change gives no time for each entity to adapt as per the change and lead to unbalance in every aspect. Agricultural system needs to be intelligent and self-adaptive to make it sustainable and resilient to ongoing changes in climate and social structure. Agriculture is enterprising, and consequently depends on information for optimum resource use and management. For any enterprise, apart from the four factors of production viz. LAND, LABOR, CAPITAL and ENTREPRENEURIAL ABILITY, INFORMATION emerges as fifth vital factor [3] . Agricultural system in particular and biological system in general is a complex system that depends on multitudes of biotic and abiotic factors. Moreover, these factors in turn depend on several other factors. Thus, to study such system it is necessary to consider simultaneously several interrelated factors that cannot be dealt with normal mathematical or statistical methods. This lead to the introduction of intelligence and intelligent system in agriculture those are capable of dealing with such non-linear problems. The curving for intelligence in agriculture and allied activities has been there since its inception, because agriculture is fundamental of human civilization. But the latest IT and related technologies revolutionized agriculture and offer it a novel outlook. New approaches like Artificial Intelligence, Artificial Neural Network, Fuzzy Logic, etc. find wide application in agriculture and allied sectors. These are information processing system models that are built from human thought process to mimic human brain's decision making abilities [4] . In fact they are part of the natural functioning of the human cognitive process. There has been behavioral change in agriculture. Firstly agriculture become 'Smart' by acquiring the behavior like predictive ability, quick learning, decision making etc., and secondly, it acquire those behavior that are associated with "Street smarts" like localized knowledge or know-how. How a system performs certain task or job is the measure of the general ability of an intelligent system. Research from cognitive psychology has increased understanding of the nature of competent performance and the principle of knowledge organization that underlie people's abilities to solve problems under wide variability and uncertainties. The current paper briefly enumerates some attributes of intelligence that find extensive application in agriculture and allied sectors. The objective of current study was to understand intelligence as such and its potential application in agricultural systems.
II. ATTRIBUTES OF INTELLIGENCE
Attributes of intelligence are those factors that can make a system to behave intelligently. There is no sharp boundary that differentiate between these attributes, they are overlapping and fused on one another. Though the concept of human intelligence is still a mystery, but following attributes may be regarded as the characteristic of intelligence.
A. Prediction
Prediction is the most important aspect of intelligence. Prediction is defined as the statements about the way the things will happen in the future, often but not always based on our experiences [5] . The capacity to remember and predict patterns in the world, including language, mathematics, physical properties of objects, and social situations, is considered as intelligence [6] . No two events in this universe is exactly similar, the specific behavior, action and reaction is preceded by and depends on prediction. Biological neural system (especially human brain) receives patterns from the outside world; store them as memories, and makes predictions by combining past with the present. Predictions are made by combining the invariant or stored memory recall of what should happen next with the details pertaining to this moment of time. Thus prediction is made by analogy. Forecasting is mechanical or artificial way of prediction, focusing on the range of possible outcomes. Forecasting may be defined as the process of making prediction of the future based on past and present data and analysis of trends [7] .
Whole science and scientific research are in fact predictions. Theories, hypothesis, assumptions, analysis are all predictions. The science of mathematics and statistics are particularly based on prediction. Prediction, especially forecasting, has wide application in biological system, owing to variability and uncertainties in the system. Advance information of weather, disease incidences, crop yield etc. are some of the most common application of intelligence in agriculture and has lot of significance. In basic term, such information helps the farmers and other stake holders in decision making and to take proper precautionary and preventive measures at appropriate time to avoid or lower the effects, leading to judicial use of resources. Forecasting using natural indicators and phenomenon is integral part of indigenous traditional communities [8, 9] . Forecasting evolved with time into a specialized branch of statistics and mathematics. There is multitude of statistical and numerical forecasting techniques; weather, crop yield and disease forecasting being vital for agricultural and allied sectors. One of the most important forecasting techniques is Artificial Neural Network (ANN) that is extensively used in agriculture and allied fields [10, 11, 12] . Unlike the traditional model-based techniques, ANNs are datadriven self-adaptive method that learns from examples [13] . ANN can often correctly infer the unseen part of the population. ANNs are originally developed to mimic the human biological neural systems. The general ANN model with Feed Forward Multilayer Perceptron Architecture is depicted in the Fig. 1 . Another method that is becoming popular among the researchers is Support Vector Machine (SVM) for forecasting [14] . The weather forecasting techniques like General Circulation Model, Numerical Weather Prediction etc are all about prediction and forecasting. 
B. Stored Memory
One of the important aspects of the human brain is ability to store information and to memorize. Though no definite agreed upon mechanism how brain stores information is yet reached, but brain do stores information. This is one of the very fundamental attribute of intelligence. Not only it stores information, but retrieve it as per the need and situation. In fact, human brain solves and analyzes information using stored memory [6] . When human brain is exposed to some situation, it does not go for all analytical steps to react, rather it compare it with past memories and act Copyright © 2016 MECS I.J. Intelligent Systems and Applications, 2016, 9, 56-61 accordingly. If the situation is very novel, it act by prediction and store the experience in the memory (which is, infact, learning). Thus, a similar or near similar event is not a matter of interest for brain. But a fresh event or incidence or situation or circumstances causes stress because of brain's effort to correlate it with previous such incidences or its effort in finding possibilities and in prediction. Thus, either prediction is made about the outcome of an event followed by action as per prediction and storage of the phenomenon (Prediction-ActionStorage), or brain correlate the event with the similar past events and act accordingly followed by storage in memory (Correlation-Action-Storage). The stored memories in turn furnish future predictions and make them more precise. This attribute of intelligence is very widely used almost in every scientific domains including agriculture. Each and every small or big enterprise, organizations and institutions have their dedicated databases and database management system for data storage and efficient information retrieval mechanisms. Every agricultural information systems, decision support systems, forecasting systems etc. have efficient database behind them that ensures timely, secure, reliable and prompt data delivery and storage. These massive databases coevolving with new research methodologies in agriculture with widespread application of information technology could be a precious repository of information for the decision makers, right from researchers to the farmers. The prominent agricultural databases includes AGRIS (International Information System for the Agricultural Sciences and Technology), FAOSTAT [15] , AQUASTAT (Global Information System for Water and Agriculture) [16] , CountrySTAT [17] , GIEWS (Global Information and Early Warning System) [18] , GLiPHA (Global Livestock Production and Health Atlas) [19] etc of Food and Agricultural Organization of the United States. Other important agriculture related databases are AGRICOLA, CAB Direct, CARIS (Current Agricultural Research Information System), Scopus, etc. These are one aspect of memory called the declarative memory i.e. one that can be expressed verbally. But there is another aspect of human memory that cannot be explained verbally [6] . For example, if someone is asked how to balance a bicycle, he may provide advice to hold the handles and push the pedals, but cannot explain how to do it. This aspect of memory, that which is called 'consciousness' need to be studied for developing intelligent databases.
C. Ability to learn
The ability to learn from the experiences and external inputs is another very important attribute of intelligence. Learning is defined as "to gain knowledge or skill from experience, by studying and from being taught" [20] . Experience gain through exposure to new situation or happening is learning. Learning is an incremental process; with more exposure varied situations results in more learning. What is learned is stored in a well structured hierarchy of memories. This stored learning is our knowledge. When similar condition or situation arises, they can be dealt in the best possible way through our knowledge of past incidences. Ability to learn is thus an important step in prediction. Learning is thus a knowledge discovery process from the multitude of events happening continuously. Active learning increases skill and versatility of an entity.
The widespread use of computers and affordable storage facilities lead to the generation of gigabytes and terabytes of data that are piling up in the databases of different organizations, institutions and companies. The advent of internet and associated World Wide Web further multiply the accessibility of data thousand times. Thus, the demand for intelligent technology and techniques arise to derive information from these data sets. The major challenge is to infer valuable information from the observed data that may have unexplored potential to improve the efficiency of the related sector, which lead to the emergence of techniques of Data Mining that find wide application in agriculture and allied sectors. The major focus and intension of the technique is to use existing data to invent new facts and to uncover new relationships previously unknown even to the experts [21] . In Agriculture, Data Mining techniques have been recently used for recognizing and grading fruits [22] . In China, the relation between climate change, water resources and agriculture was undertaken using the technique of Data Mining [23] . Data mining is recognized as the most advance concept for prediction of market fluctuation and price variability. Ding et al, (2010) [24] used the technique of Decision Tree for prediction of market price of pig in China. Techniques of Data Mining like Fuzzy set and interpolation techniques are applied for land suitability evaluation for maize in Northern Ghana [25] . The major Data Mining techniques are shown in table 1. Research and development is now focusing on making a system to learn and act accordingly in a situationspecific manner. Learning from the previous incidences was given outmost significance in the recent time. Lot of learning algorithms were developed to teach the system. The most prominent being the back propagation algorithm [26, 27] is used in several forecasting and forewarning system in agriculture [12, 28] .
D. Recognition
A little child can distinguish a cat from a dog. But with millions of codes, thousands of electronic valves and hundreds of algorithms, the computer fail to differentiate a cat from a dog if it is slightly deformed. This flexibility of human mind to recognize is another noteworthy attribute of intelligence. Recognition can be defined as the act of remembering something or some phenomenon through senses, i.e. by seeing, hearing, touching and smelling. For a human mind, the whole picture of the entity is not required to recognize it; based on certain minimum attributes it can be recognized. An apple can be recognized either through its smell or shape or color or taste, etc.
Developing system that can recognize is in forefront of modern scientific research. The Neural Network technology is used widely in classification and recognition in several applications like speech recognition, mine detection, detection of chromosomal abnormalities, robotics and computer vision etc. The whole remote sensing technology is based on recognition and identification using techniques like spatial signature, false color combination, etc. Multitudes of sensors were developed for different applications.
ANN finds significant application in image recognition and classification of crops and yields [29] . In classification of plotted plants using ANN, an accuracy of 95 per cent was observed when apples are graded based on color [30] . In classification of wheat karnels by color, Wang et al (1999) [31] found accuracy of above 98 per cent.
E. Deception
Deception may be defined as the acts to propagate beliefs of things that are not true, or not entirely true. It involves pretending as something else away from its true character. Deception is an intrinsic part of all life; it aids in survival. It uses the constraints of the biological sensors or processors that are programmed to 'expect the expected' and thus can be deceived and can be fooled by illusion [32] . It is one of the intelligent responses of biological entity. Beside human being, deception is seen in almost in all living organism right from tiny amoeba to higher mammals, though used as adaptation strategies in the latter case. Plants also exhibit deception, the most common being the colorful flowers that attracts insects which in turn help them in pollination. The carnivorous plants like Nepenthaceace, Triphyophyllum, Sundews etc are significant indicator of deceptive character of plants. However, in animals and plants the deception is the part of their survival [33] . Deception like distraction, camouflage and concealment are being used as biological adaptation strategies.
Deception finds lot of positive application in agriculture and allied sectors. The most noteworthy example is the use of pheromone traps for monitoring and controlling the insects. The simple light trap and techniques like trap-crop are also examples of deception. Fig. 2 depicted the pheromone trap. This involves manipulation of the pest behavior for control of insects or pests [34] . Traps using sound or acoustics are also in use to monitor or control insects [35] . Poison treated food lures and baits are in use to control household pests since centuries [36] . The most remarkable thing about these techniques is their eco-friendly nature, as the end goals of these techniques are to change behavior of the entity involved. Current situation demands exploration and standardization of such techniques. 
F. Imagination
Imagination is ability to create picture of something or visualize some event that does not exists. These are sensation in the mind that is not perceived through senses such as sight, hearing or other senses. Imagination helps make knowledge applicable in solving problems. Imagination is basic activity of human intelligence to have perception of something that does not happened or that may happen in future or that we expect to happen. Imagination enable to mentally rehearse something and to find possible remedies or strategies for possible outcomes, thus increases precision of reaction.
Generally imagination follows prediction. Once a situation is predicted, what will be the possible outcome or possible remedy out of the predicted situation is imagination. Imagination leads to innovation when an analogy is made with the past events or information. Planning is within the domain of imagination. Several models were developed to perceive the future possible events. The simulation models are one such model that can simulate the event that may possibly happen based on current and past information or experiences. By studying the large dataset, several simulation models have been developed viz. DSSAT [37] , CROPSYST [38] and APSIM [39] to name a few to aid agricultural activities. The culture, education, customs etc teaches stereotypes that always results in biasness. So is the case with these models developed considering certain aspects of certain location and is mostly generalized. These models need to be tailored for the need of specific location, minimizing the stereotypes.
G. Innovation
Innovation is a new idea. It is ways of doing something in a new way. It is the new and unique approach towards the new requirements or need. It is something that is original. In practice innovation is that process that bring together various novel ideas in a way that change the outlook towards dealing with any issue. Innovation is one of the characteristic features of intelligence. Innovation may be non-linear i.e. its outcome may not be any combination of the previous experiences. Innovation or creativity is in fact prediction by analogy.
Some very common practice in agriculture is by definition an innovation. Contingency crop planning can be attributed to innovation. Based on the weather forecasting for the coming season, the cropping schedules, selection some set of varieties, employment of certain management practices, crop geometry etc were decided. This is innovation. Developing tailor made varieties for a particular location and for a particular situation is innovation. For example, with rise in global temperature, some temperate crops like apple is shifting towards higher altitudes due to requirement of high chilling hours [40] , but this is compensated by introduction of low chilling requirement varieties like Anna, Dorset Golden, Tropical Beauty, Parlin's Beauty, Schlomit, Vered, Michal etc. Identification of farmers' indigenous local varieties and using it for developing better resilient varieties for the location is innovation. Any techniques or technologies tuned for a specific location based on its climatic and physiographic parameters of that location is innovation. So innovation finds wide application in agriculture. All indigenous traditional knowledge of doing something in a better way or to deal with some specific problems is innovation.
III. CONCLUSION
Variability of climate acts as a multiplier of uncertainties and complexities of agriculture and allied sector. The agricultural system need to adapt and behave according to the parallel change in environment and climate, i.e. the system need to be self-adaptive. This demands multidisciplinary holistic approach in a very sustainable way. Intelligence is one of the most important resources that need to be fused in the agricultural technologies. The advances in the research in human cognitive psychology need to be studied and need to be analyzed for their possible application in agriculture. Only intelligence can deal with variability and uncertainty. The systems so far developed are far behind the perceived concept of intelligence. They are good in calculation, fast in processing and gigantic in storage, but they cannot think and act as human brain. Taking advantage of the processing and storage speed of these technologies, systems can be built that can behave in a situation-specific manner aiding in better decision making and fast processing of the possible options. Thus, by understanding the biological and physical concept of intelligence, right information as per the situation can be retrieved and all actions can be tailored as per the perceived knowledge to smartly deal with the situation.
